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Ca\TCCETVHY HEftJMJJG A OVFTORHANEfiB OIL SHAL2 -JO 
CXtftTE PERKEABILITf AND SilftSSCUVWlt PKOTCC OIL 

This invention rolate* to recovering oil. from a subterranean 
oil shale by iwwnfl of a aandastiw heat drive pmnsww, *toe 
particularly , tha invention relates to treating a relatively thick* 
and substantially completely fcipernieable subterranean oil nhale by 
moans of a. conductive boating prcoaaB which both creates a 
perraaable tatm within a selected portion of tha oil shale and. 
subsequently produora shale oil iiydrocaxboas. 

A perraabjlity-aitfed type trf oiriSuctive heat drive for 
producing oil from a subterranean oil shale wa* invented in Svocten 
by F.L)urjgstr«ao. That procesa, vhlch waa invented abnot 40 years 
ago, was camiarciflaiy ueai an a srall scale in the 19Mis. it is 
described in Swedish Patent* Nc*« 121,737? 123 # L3€? 123,137; 
123,138; 125,712 and 126,674, 111 flatbed states Patent No. 
2/732,195, and in journal articles such ass "Qnd eiyioo nd Shale Oil 
Fyrolysis Accorditt^ to the Ljungstxcom Hatha**, IVR \folmne 24 
(1953) No, 3, pacps 11B to 123, and "Net fiusxgy Recoveries For The 
In Situ Dielectric Hwrting of Oil Shale", Oil Shale S>TDposiui* 
Proceedings 11, paqe 311 to 330 < 1978) . in the Swedish procaea, 
ftaat injection wells and fluid producing veils were ocrapleted 
within a permeable near^aurfaco oil shale formation 90 that there* 
vas lass than a thiea«cetre separation betuaan tha barehsleiu ihe 
}taat injection wells were equipped with electxical or other heating 
olxsmaiits u^ilch *ere mrrxr*undad by a news of rtaterial, saich as send 
or cement, arranged to trenaadt hut into the oil stale Mhile 
preventing any inflcwping or outflowing of fluid. In tha oil shale 
for which tha Skttdish prooass was designed m\$ tested, the 
paxmeability was such that, due to a arertinenvm inf Vowing of ground 
wstmz, a ccntinuoue porping-oat, of water was needed to avoid 
wasting energy by evaporating that water. 

With respect tn aubetantially conpletoly iitpoxm^fthlo, 
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relatively ckap and wlaLively thicfc oil stole deports, such us 
those vn the Piceance Ilw.n il\ the United St&toe, tha prwetfnlity 
u£- utilizing a <xuiduutiv« heatiug iirooaaa fnr produeiiiq oil teas 
previously ocnaidcrod to be — aooarduiy to prior tcaehintjB and 
beiiefs — wrmcnacaily unfeasible. For example, in the 
above-identified Oil Sbalo Sywpoeiunu the Ljun>?atroem procoaa is 
characterised as a proaes* which successfully reaovmnxl shale 
oil by «nfcedding tubular clactacicattl heating ekxamte within 
high-grade shale deposit a. This method rsliad on ordinary thanral 
dif fusion for shaj.e boating, wtiich, of. oouree, requiree Largu 
tenperatAirQ gradients. 'jCTtus, heating wry nan-unifonnj jtanthc 
ware required to fully retort small matn-wza blocks of shale. 
Also, ituch baat energy was wasted .In und^rhiioting tlte chaia reginn* 
beyond the periphery of ttJe retrxrtjTig zone and wcrheaiang the 
stale closest to th» heat source. The. latter problisn in especially 
important iu the cam of Western fihales r aince thermal urjarqy 
overhuarted zones, cannot b» fully recovered by diffu93.cn duo to 
cudothortnlc reaction? which taka place above abovt WO *C* (pwje 
31 3>. 

in substantially iiapRrmeable* types of relatively thicfc 
eulAerxanean oil ehala focmatJXoa/ the creating and tpaintaininy of 
a poniecibija woe l^nxugh which the pyrolysis products can be flowed 
has been found to be a severe prublam. In us patent Kb. 3,463,376, 
it is stated (in 00I&. 1 and 2) that "there are two j«xAaatajra 
involved ixi the transport of beat Wrough the oil ahale. Heat is 
transferred through the solid mass of oil shale by Graduation, ^<be 
boat is also transferred by convection fclurough the solid iraee of 
oil ehale. ite trattsfcr of heat by ocairiuction ie a relatively Blow 
proottHp. The average thermal uendnctivity and average thermal 
dif faelvity of oil sfaala are aJwut thoae of a firebrick Tba raatxix 
of enljd oil shale baa an extreaeiy law smeebiUty iruch lite 
unx^*««d parcelairL As a rt»«ult p the connective transfer of heat ic 
1 t flri t^ to heating by fluid flora obtained ill open channels which 
traverse tha nil shale. 'fbeeo flow channels nay b» natural arsd 
artificially inducad fractures. ...On halting, a layer of 
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pyrolyzed oil shale hziUTa adj&uacit the channel. Tlds laywr i.a au 
ii^rgonic wineral utttrix which ccffitJcbui vazyi.ivq degrees of carton. 
•J*e layer is an evcr-oaEpandirjg harrier ti> beat flew from the 
heating fluid in the channel." l*e patent is directed to a proceHH 
for circulating heated oil fchola-pyrol.yzjjtcf fluid through a flaw 
chama] while Adding abrasive ixnrticl«fi to tJx circulating fluid to 
erode the layer of pyruiyzed oil shale being formed adjacent to tlio 
channel. 

Although tha theamal conductivity and thorjrul diffualvity of 
many subterranGan oil steles are,- in fact, relatively similar to 
those of unglaxed porcelain and firebrick, US Patent NO 3,237,689 
postulates that "a rapid advance of a Iwat front" (Col. 3, line 7> 
can fan obtained by exchanging boat between bhe oil shale and. a 
nuclear reactor aoolina fluid and describes systems for u*ing such 
reactors either located an tb* earth' s surf ac* or In tile oil ahale 
depoait. 

US Patunt No, 3,2&4 f 291 *dy» (at Ool. i f lines 3-21), "Tha 
production of oil from oil shale, by haating the abate by various 
m&anB guch as ... an electrical resistance heater ... has been 
atteiejted with little aocckw, , ♦ . piccturiag ol the shala oil 
prior to toe application of boat thereto by in situ acetous t ion or 
other means has been practised with little success because the 
shale rwrXIs upon lioatixxg with consequent partial or couple te 
closure of the fractura*. The patent describes a process of 
sequentially heating (and thus selling) the oil shale, then 
injecting fluid to hvdraulically fracture the swollen sbalft, then 
repeating those stepa anil a hoat-Btahls fracture has bean 
propagated into a prediction wall, 

US Patent no, 3,455/383 describes the accronilatico of 
partially depleted oil shale fragments within a flow channel such 
as a horixcaxtal fracture being held open by the $a. e aau« of tha 
fluira within the channel. The patent discloses that if the channel 
roof is lifted to maintain a flow path above sash a layer of 
depleted chela, -the ovist lying fonwiticna roust he bent and, without 
precautions, will bond to an extent causing fractures to extend up 



to the surface of the aarUu Ttuc patent io directed to a prooa-ta of 
ifttennittaniJy ro&*5ing the pressure oqq the fluid VfitMn sucb a a 
fracture to allow tha weight of the cvertoacden to crush and compact 
the layer of depleted aftale. 
5 In a si<jnificant portion of substantially ImpcforEable ai*3 

colativnly thick oil shal* deposits, such aa tbose in the Picaaace 
Basin, a valuable re sour oa of a-lmujiusB is present in the foxxn off 
dawsanita. In OS Patent Mo. 3,309,975* directed to reaovoririy 
aJjjminian valued fron retorted oil abala* vhixdi hziva baan ruined cut 

10 from euch deposits, it is pointed cut that* .\n a substantial 

absonoa of water, at tiajaeraturee of about 1300 *P the dav*anifce is 
canvorbad to crystalline fiodiaim aXureimto. Such a water-free 
retort Lag can daoonpoee dolomite in the shale, to produca carbon 
dioxide^ calcite, and magnesium ox Ida so that iragncsium axida 

j 5 contolnaa with part of the silicon dioxide* in the sliale, in a manner 
permitting a higher recovery of the aluniftiuna valuaa by n i racing- 
prccese. US Patent Mo- 3, 502,372, directed to utilizing eolation 
iraiaug to recover dawaonite* ijurloataa that where- the jjyrolyitfs ig 
effected by an aqueoua fltrijd, such aa steam or the prodects of 

2Q undarxjrCTJoi contustlon, it uniet be conducted at a low tenperatura 
and Urns relatively alertly, to avoid converting the dawsanita and 
othav soluble alimrilmua ocopcraruls to an insoluble matrrial such aa 
amlcite. In US Patent Sj. 3,572,838, a similar relatively low 
teqoeratura pyrolyaj a is altomatad with Infections of an aquaoua 

23 alkaline fluid oontaiiiing an ?*cid- inaoluhla chelating agent to aid 
in loaching daafaonite without fonrdiig such insoluble materials. 

The presort invention relates to a prce a aa for cortductively 
heating a subterranean oil shale formation in a matrcex arranged Cox 
pmrtuci.ng oil from a subterranean, oil ahale fbxratiai which is, 

M initially, substantially in^erneac-le. m accordance with tblfi 
iiwarttioa, 'the portion of oil shale deposit to ba treated ie 
selectud, on thai basis of ths variations with depth in the 
ccs^oaitlon an pcopertiee of its consonants, to have prcpartiea 
capable of interacting i.n a manner Which enhances the tmifarmity of 

35 the heat front* to an extent liauting tha tine and energy 
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oxpeaditures producing thci oil to valu s equivalent to leas than 

the value of tli* oil whicfc l* produced. Th© selection of the 

treatment interval is based on the grade and tbickne** of the 

portion of oil shale deposit to be treated and the enhoncettflnt it 

provide* amounts to reducing the a«ount of heat energy loet due to 

exothermic aide raactione and increasing the amount of oil 

recovered froa a given grade of oil shale. 

In accordance with this invention at Least two veils are 

completed Into a subterranean oil anal* treatment interval which 

10 is substantially iaparmeable, contains substantially no wobile 

water, is at least about 30 m thick, is capable or confining fluid 

at process pressure, at least substantially within the treatment 

interval, and contaiau e grade and thickness of oil shale such 

that the average grade in gallons of oil plus gas aguivaleot par 

ton by Fisoher A*aay ia at leaet about 10 and the product of the 

grade time* the thickness in metres* of the oil ah* la ia at least 

about 300. 

Thus, the present invention provldvs in a process in 
which ell is produced froa a subterranean oil shale deposit by 
20 extending at least one each of heat-injecting and fluid-producing 
wells into the deposit, establishing a heat-conductive fluid- 
impermeable barrier between the interior of each heat- in j acting 
well and the- adjacent deposit, and then heating the interior of 
each heat- injecting well at a teaperatuxe sufficient to 
conductive ly heat oil shale karogen and cause pyrolyai* products 
to tor* fractures within the oil shale deposit through vhich the 
pyrolyels products are displaced into at least one production 
veil, an iaprovement for enhancing the uniformity of the heat 



si 



1288043 

-Sa- $3292-2743 
fronts moving through th. oil shale deposit, which comprises r 

determining variations with depth in the composition and 

properties of the oil shale deposit; 

completing said heat-in jeering and fluid-producing veils 
selectively into a treatment interval of oil shale in which 
the oil shale deposit (a) is at least about 30 m thick, (b) 
is substantially impermeable and fro© of mobile water, 
(c) has a composition end thlcltness such that the product of 
the average fischer Assay grade tlo.ee the thickness of the 
treatment interval is at least about 900, and Id) thereby 
contains components capable of interacting in a manner 
enhancing the unif oxmity of a front of conductively 
transmitted heat, with said wells being arranged so that, 
at least substantially throughout said treatment interval, 
the well boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 m/ and 

within the interior of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval f is at least about 6t>0°C, but is not 
high enough to thermally damage equipment within the well, 
while heat la being transmitted avay f ton the well at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the veil. 

In a location in which a subterranean oil shale may 
contain portions vhlcb axe generally suitable for use as a 
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treatment interval [as described above) but are ape to be 
permoatad by substantially disconnected natural fractures and/ or 
planes of weakness as vail as being located near boundaries of the 
oil recovery pattern and /ox near a potentially active aquifer, the 
operation of: the present process can advantageously be combined 
with a use ox "guard walls" located neax the periphery of the oil 
recovery pattern and/or between a production well and an aguifer. 
Such guard well* are extended at least substantially throughout 
10 the vertical extent of the treatment intervals and the adjacent 

formations are initially heatad by thermal conduction in a manner 
similar to that enployed in the heat- injecting wells, except that 
the guard wells are heated at temperatures vbich are too low to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant theroal expansion of 
the rock matrix of the oil shale deposit. 

in sons instances, it majr be desirable to maintain such 

a 
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relatively low tenperatnre guard well imating throughout at; least a 
substantial portico a± tha shale oil naoovary process. In other 
instances, aftur cm initial relatively lev t&a$aratuna heating of 
tha guard vjells, it my Ijg advantageous to liaat. guard w»11b nt 
5 atout tha teirperacure looted fbr the hsat-iirjecting w?lls f in 

order to e>qpand the pattern of walla from which o.U is di^plaofcd by 
thermal cojuducticn. 

a? used bcroin i^garding ths gcade OJC the portion of oil shale 
to be treated, the "average grade in gallons per ton by Fischar 

10 Assay 11 ns£*ra to tha following: Tits dfttsaadnation 13 or is 

equivalent to a dHtouniimtion conducted substantially an described 
in tha ASTM Standard T»st Method M 3904-60. crashed raw shala in 
aanplsd by r if f le-splittliig * Thm deterMnation of tho mount of ciil 
plus gas eqt>ival«rt available* • front ail ghaJe is made by heating tha 

15 raw shala fro* ambiant Cen^eraturo to 5 {JO *C in cast alumtniros* 

alloy retorts. The vapom» distilled froai tho sanpls ara cooled and 
tha condensed fraction is collected, lbs oil and water fractions 
axe separated, tha wfcer voIuum (oonvterted to wai^it equivalent) is 
measured and subtracted from the oil plus Mater weight » l"hf* weight 

20 of uncondonsabla gasas avoWed ! gas-plus- loss) is then calculated 
by difference, the grade, a* used in tha "grade times tMckness in 
metres or* oil shale" product, ia tha gallons of oil plus 
Iiydrocarbon <jaa equivalent corresponding to tha total weight ta£ nil 
plus hydrocarbon gas evolved by the treating. 

25 The walla are occnpleted into the treatment interval and ar« 

arranged to provida at least one each of heat-injectina t'luinV 
producing walls having baraholos which, sobatantlally throughout; 
the treatment interval, are substantially parallol and arts 
separated by substantially equal distancss of at. least about 6 til 

30 In each laBot^irrjscting veil* substantially throughout the ti e a lin wiL 
interval, tho %«sJl^urroanding faoa of die oil shale fomuLi on is 
sealed vith a solid raterlal and/or oetnent which is relatively hsat 
o andnstave and substantially fluid iapsnassblfl* In each fluid- 
producing w»U r substantially throughout tho trsatssnt interval, 

j£ fluid fyTTTtmicafcion ia established botwoon the wall borehole nod 
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thn oil shale formation anj the well, is arranged for pixjdueing 
fluid iron the oil shalo fomatiiau nte interior of aach. 
heat-injecting *»11 is boated, at least sriwtaiitiaUY Utrragbcut 
the trcatawnt interval, at a rate or rates ggpahl* of (a J 
5 increasing tfott tenpsrfftQre within the borehole interior to at lease 
atojt 600 °C and (b) maintaining a borehole interior tsnperature of 
at least about 600 °C without causing it to be cam high enough tn 
thermally damage equipment within the borehole while tJte rate ct 
which boat ie generated in the borehole ia *ubi?tantia3ly equal bo 

10 that permitted by the haat acwrtuctivity of the oil bhole forrotion. 

In a preferred arixziltent of the present process, the mbarial 
for doaling the face of the oil shalu f b xuutt nn along the borehole 
of at least one beat-injecting well la a dosed bcrttra racing 
qrontad by ocaomt arranged to fill substantially all caf tha spars* 

1 $ batwsan each outermost uiitnUic element present; within the interior 
of the taeehDl* and the adjacent face of the oil shale formation, 
with said cement having a ttermL connectivity at leant 
Mbatantiaily as high as- that of the oil shala formation. 
Oetecnanatians are made of variations with depth ill tha 

20 composition and properties of the- oil shale deposit and, in a 

particularly prefterjped procedure, based on tha variation with depth 
in tha heat conductivity of tha oil shale deposit, tha heat- 
ijr jeering well? arc hjeeted so that relatively higher Cesperaturofi 
are applied at dapthe adjacent to portions of the oil shale deposit 

25 in which tho baat oanductivity is relatively lor. In addition, or 
alternatively i in various situations, tha effective radius of at 
least one haat-in jesting well ie increased by creating an expanded 
portion of the well borehole nnd extending haat-coodocttng metal 
eJenents from within tha heated veil interior to near the tall of 

30 tha expanded portion of tha bacehoie* 

Vhm present process is valuable for use within a treatment 
interval of oil shala Which containa other valuable idnarals such as 
daeaoniba and/or nahcolita. In such a situation the present peoae&& 
create* a perncabla voce which is selectively located, within tJie 

35 treatment interval and substantially within the boondaries of tho 
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wail paLtom ustii .tor the oil pra3ueticcu Tha resultant pcrucable 
7xm*> is. a zona from vhicb soch otJ*>cr minerals can be eahiti an- 
nulled* 

In general, the present invention is applicable to 
substantially any subterranean nil .ihal* deposit cmtaining an. 
interval of substantially iu$iarnftabl« oil stain which is 
substantially £rco of mobile watet, is jrure them afcrait 30 to thlcfc, 
and has an adequate avera^a grade in gallons per tun (Piaster 
Assay) to give a grade- thiekr.£»» product ot about 900 or greater* 
Ths Average grade of the heated Interval should he greatex ti\an 
about 10 gallon* par ton (Fiscner Assay} . Within than limitations, 
a hicjhar grade- thickness product U increasingly desirable if other 
conditions such as depth remain tha sane. 

tte invention vrill new be explained in greater detail with, 
issferrwnce to the accattpanying drawings, in vhichs 

Figure \ shows a plot of relative rate of return IRR3 for 1982 
US dollar* invested in installing and operating tha process of the 
present invention, as a function, of oil shale grade~thdcikac35 
(Gxni) product/ tr> produce shale oil at its 1982 valpe, 

Figuxe 2 illustrates a plot of thermal profiles at an 
observation well regarding teiajeratuiee treasured at different 
depths CD) and time within that wall. 

Figure 1 Is a plot of the radial tharraal profiler at tha 
middle of a heated tone alter different tinea of heating. 

Figure 4 is a plot of thermal oondhuti\dtiee parallel and. 
perpendicular to the bidding planes of an oil shale as a function 
of teepcratuxvu 

Figure 5 is a graph of Fiacbsr Assay yiald with depth (D) in 
and abcro a hearted portion of suboerrsnsan oil shale. 

Figures 6 and 7 ax* plots of horizontal and vortical 
tenpecature profiles within a heated portion of a&terranaan oil 
shale fbxnation. 

Figure 8 in a echeatttic illustration u£ a portion of a neU 
cccplotion arrangement suitable for practising tha peasant 
invention 
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wil palters used .for the oil proiucticru The resultant pcrurcahlo 
rjori* j.s a zona from whicb audi otJxsr mineral* can be anlntlon- 
ndned* 

In geoaral, the present invention is, applicable to 
substantially any subterranean nil -Rhal* deposit ocatsuning .in 
interval of mibetanHany ingernrioble oil aha]* which is 
aubsraiuially £rco of mobile ratter* is arorc than about 30 tfu.cfc, 
urjd has an adequate overage grade in gallons pat tuo (Finrfier 
Assay) to give a grada-thidcn£i» product, of about 900 or greater. 
Ths average grade of the heated iutorval ahou.ld be greater tJian 
about 10 gallon* par ton (Fiscner Assay) . Within than ligations, 
a higher graite-bMcfcneee product U increasingly desirable if other 
condition* such as depth remain thy sane. 

tte invention vrill now be explained in greater detail with, 
reference to the aoocnpanyijig drawings, in which; 

Figirre 1 shows a plot of relative rate of return (KR) for 1982 
US dollar* invested in installidg and operating tto prooo5S of tbw 
present invention, as a function of oil shale grada-thicXness 
(GtfUH product/ to produce shale oil at it* 1982 value. 

Figure 2 illustrates a plot of thsrnal prof lias at an 
observation well regarding teHeeratuxea measured at different 
depths (D) and tajnee within that wall. 

Figure a is a plot of the radial thsrroal profiles at the 
ndddle of a heated none after different tinea of heating. 

Figure 4 is a plot of thenrel oandhictiuitie* parallel and 
perpendicular to the tedding plaoea of an oil shale as a function 
of tcopcratur© • 

Figure 5 is a graph of Fischer Assay yield with cfepth (D) In 
and abewa a hearted portion of subterranean oil shade. 

F igures 6 and 7 are plots of horizontal and vortical 
tenpacature profiles within a heated portion of subterxaroan oil 
sl^ale fbxnation. 

Figure 8 ia a echeaatio illustratica of a portion of a «eJX 
cenpletion arranpifsrpnt sat table for practising tha tJ i e aaj t 
invention- 
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car sand, Ljungstrosn teach*:? that tha in Mtu heating and 
pyroly^ing shoal.d ho dona in a portion of tJie iaparn«ablo Connatieci 
which is vertically contiguous to □ well-intuicunMcfciiiq fracture 
ur a layer which )mb different ooological character and ia 
3 p«cmeable to flow of the fluid products of the heating car 
pyroly-iAa, 

Contrary' to U\e implications of such prior teachings axrt 
beliefs, applicants cUsoovor&l tJvrt tha presently described 
ctmductive hasting process is ©eoncraicaliy feasible for ut» in a 

10 substantially lJcperjiiBable aufcteacranaan oil shale* This is not 

obvious, particularly in viae of the fact that tha present process 
uses a much larger well zpscinq than that usod in tha Swedish 
process and tha preaant process is cendncted by heating tha 
injection veils to tenperatures of at least about GOO & C {although 

15 600 *C tiaa bean said to be conducive to an w^^ iy untenable, 
heat- wasting, endothezndc reaction j aaa tho Oil Stela Synpoedra 
Proceedings taantioned above) . 

By means of laboratory and field teat gg a g ur emonta and 
mathttnati^al models of tha present proooaa, applicants have found 

20 tliat whan tha ve!3a are spaced, completed, and operated aa 
presently Ascribed, the only ration in which heat energy id 
utilized in an endotharmic reaction asmnts to leas than about 1* 
of tha area to be heated, and tha energy lost in that fashion is 
insignificant- Applicants have roeasbred the rate at which 

25 substantial ly iLtrxirmaablQ oil shale fonaatacna are heated Jjy 

conductivity, and have d&tiufetined tha ancunt of boat required for 
pyxolysing karogan aod tberrnolly pressurising the pyrolysis 
products to pressures oapabla of fracturing a mlativtely d^gp oil 
stele formation aod thsrnally displacing pyxolyaie prodncta through 

.30 tha ao-CTsated permeability r 

Tha data obtained by such tttoaurenenta in the field and in tha 
laboratory have bean eaployed in calculation* nf power rscjulro- 
menta, ecanoolcfl, tin to atart Product 1rai # project duration* 
anount of production, etc*, in aatheraatical siaulatione that 

35 correlate with the fiold and laboratory data and irdinFir* the 
pagnitadea of such factors in reapact to a full scale 



- u - 

T>x)!W calculations indicate that the prowautly dafanerl process is 
tha only ahala oil. yrcxtuctian pvoccaa of wht.ch ciyvlicsntn are awara 
which is capable of economically obtaining oil from a irelatively 
lew grade oil »ha)e formation, soch as otw in which the Fischer 
Assay ia only 15 gallon* or lees per ton. This capability can 
incrcasa tha petroleum ranervca of a aigrvi Flonnt prapoartico of tha 
oil stole land* by a lector of six. In acWicion, with respect to 
prooessec for urcdex^prauiid mining ana audi tied in aitu retorting oi 
oil .HhaJe, the present process significantly hYryr&cca tha aacunt 
of available rescarcHs by eliminating the ri&xi tar support pillar* 
and iutoxburdan between arining zojisb and by providing a weans for 
treating snbatant UUy all of a very thick interval of oil shale. 

Iba present process can scfvantagoouwly be applied to on oil 
abate forraaticn in which there la significant concentration o£ a 
mineral such as tfewooniba or nahoolite. In sudi a fcaraation the 
proaa** provide** a pemeablH zone from which such a minarml can be 
reoovared. in addition p the pre n gn t process ia particularly 
aoVantagecos in converting dawaoniie to wator-soiuble cctnpouittla of 
alu m i nium (probably rho-atadna) which have been {both cteidcnily 
and physically) node available for solutian-adtiigig to produce the 
aluadnimn — an eassntiaJ, material which is in short Fupply within 
the United States, In contrast to many previously proposed 
prcceecoa, tha process of the present indention require* sub- 
stantial ly no *«tar, involves ininiwl lard disruption, and can ba 
conducted with minimi atrosphoric pollution. 

Figure 1 shov* the relative rata of return for. 1982 US dollars 
invostod in installing and operating the p re se nt process in field 
applications that have boon naLthanatically nodalljed from data 
obtains** by field and laboratory anajturauerits. 
Simple i 

A DDxiaff of injection and jTOductioa walls is drilled into an 
oil shale fonution 4B a in thickness with 120 m of overburden- aha 
averoga. oil grade of tha interval is 20 gallon* per ton as deter- 
ratrwid by fleeter Amy, 

Tta well pattern i» a savon-spot with each teat injector at 
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tha center of a regular hexagon gurxoorcling a control producing 
wtill. The spacing is 22*5 a between producers and injectors. Ik* 
pattern repeats with producers storing tha injector* in each 
direction and aantinuas to torn a fieid-wida pattern capahlje of 
5 producing a Large quantity of oil. The* injector- tD-pnanucHr ratio 
approactea 2 to 1 ib a large field. 7n Etanpla 1 the total oil 
production is 29,000 hurra I a par dsy throughout the lift* o£ thu 
project. 

The injection weUs eLectrical haafcera or a cRnwrted into Che 
JO formation and connected to a power souroo on tbo aorfiaca. Tha 
production »»lls are equipped, vith etandard oil field pxscp^ fox 
lifting tha product oil to tha uurfaosu Vna electrical injection 
rato i*i 3.23 x lfl G I«UA»U per day. The tert&eratnre rsf the 
injectors attain* 750 *C ihe production w&ils reach a texmnal 
15 tanparature of 300 *C after 33-34 year* of operation. Prediction 
over this pariod averages 5-6 barrela/cky par wail, with the 
average nuntber of active producing wild bfrlag fro* about 4O0Q to 
5000. lloat canaurqpiion la 1.1 x 10* DJU /barrel of liquid oil 
production* 

20 Gaseous products collected froaa the production veils nay be 

ut&d for txveite generation of electricity or otter purposes. Its 
oil-phaso pofcrolaia. which is «o prodacad is superior to con- 
ventionally retorted dials oil. Tat relative rata of return which 
osn bo expected from tha ftcaapie 1 situation is illustrated by tha 

?.5 "EX. 1" aim-iHon dsaignafcicn on Pignre 1. 

example 2 

A aeriea of injection and production wells are drilled into an 
oU. shale f onoation 225 m in thickness with 300 n of overttourden* 
The average grade of tha oil shale interval 19 26 gallons per too 

:*) an determined by Fischer assay. 

TC» v*Xl pattern is tlie same saven--spot described in Example 1 
except tha spacing is 13.5 a between vails instead of 22.5 n. Total 
prodoction is 25,000 barrals/day trouqheut the life of the project. 
The injector to proefcoar ratio still approaches 2 to 1 ♦ In the 

J5 wells, the heaters and production eqilrawnt era similar to those 
cfeacxibad in Xfcanplft 1. 
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'ifc* •Oectrioal injection rat is I0.S5 % ID 6 BSD/wall par day. 
TVili injection well tcarxaratutBH raac* 7 SO f c and ttac prnJuctlon 
walla reach a final trnccratiire of 3W **c aft,er a production life 
of 9-10 year*. Pr o duc t ion ov*r this period avaragas 42-43 
barrel ft/<^6ty per vmll, Kith tha average nuflfc*>r of active prcyUr:ing 
walls being abcut 600. THu heat ccnsuiqption ifl 5,6 v 10 J TFlVbarrel 
of licniid oH prodaocdL 

As in Sxanple I, gaseous products can ba used for oa-aito 
power gcjioxatioo ox othar purposes and the liquid product v«JJ )» 
higher in quality than ecrrvwitionaUy retortfld stela oil* Tha 
relative rata of return which ts» ba expected is illustrated by tha 
"ESC. 2 W situation designation on Figure U 

Table 1 li&ta cE^iblnatione of oil, shale graiw, fchicfcnesees 
and arade~tfucta2&s products vtocn are generally suitable far un» 
in the present; process- Tto relatives poaitton.1 of such gradv 
thicXiutts productfl v?ith respect to the ralativa rate* of financial 
return axe illustrated by the designation* "Prafarrttd Range 1 ' (P.ftJ 
and "Especially frcfoxrod Range* (B,P,&J on Flguru 1. 

TflHLE 1 

cSrade {gallona7tm) P iijcJcnegfl W Grade x Thicfcnasg 
30 30 900 
20 45 900 
10 90 900 

More daairabl* grade thickness eotaapLaa are atiown as foliar: 

Grade {gallone/tanl *fridcnot» (m) Grade x Thickness 

30 ISO 4500 

25 60 ;soo 

20 300 6000 

IS «W 9000 

30 225 2250 

in general, tha higtier the grade thicknea* product the rawre 
d&viruble. Ota practical application io Limited only by the ability 
to hoot tha daairad interval. 
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Field IVgt; HoasuttPttnt ir 

Easts? ware oaraiuctad in an cuceroppirig of hj\ oil shale 
fornatiaa which is typical of aubataiKially jj^rroabia aivi 
relatively thick oil shaLc dapoaita. Thirteen borofaolea were 
drilled to tteptha between 6 and 12 m and watr arranged to provida 9 
pattam oi beat,-in}*ctinn, observation and fJUuid^production Stella, 
vith the borcholos. being spaoed About O.G m apart in order to 
provida a relatively rapid acquisition of data. Haat wan injected 
at a rata of about 1000 wattu par Tretre* for five day*. After tbe 
heat^injcctlori Mill temperature had reached 4 SO *C, a tcapteruturn 
faJ.3.-otf test was run for one day. 

Figure 2 shows the vertical theoal profile* in an observation 
well, *s a function of time Tha data w» fitted to a unthsmafcicaX 
solution de&cribiiig the tenpoxatura diatrioution around a 
finite-length lirw mnj-ca inside* a jnadium of thermal conductivity 
(parallel to bedding) 3.25 incaL/cw-acc-*C and tharnal onrdoctivity 
IparpaxidLoular) 3.25 wc*l/cttt-mic~*C. <&\q specific liea± capacity 
utilized in the calculations ua* coadputed f ran the thernal 
conductivity, thermal dif ftaivity , and averaga bulk density of 
ooreo xacovercd during drilling of t3i» woll&. Tha theratapbysical 
propattiee for the tha oil bHala in which tbta taattf ware conducted 
are sunrnarizad in T^ble 2 • 



Figure 3 ahou* radial profiles carpi tad for tha inlddls of the 
)\oatod 2Qi» for various beating tixu* (t) . At tha end of a 
taopexatuKD build-up teat of 140.5 hours r tfcft avataaa. fbnratian 
tenperaburo buttoeaa tha heater and observation wall maa 120 °C, 
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L'nitial Hescsrroir Tecvaratnra 
Fischer Aggayt 
nulk Density 1 
Tharmal Diffuaivityi 
Specific Heat Capacity: 



9.6 *C 

20 gallon/ten 
2* ZD <ja/cn? 



6.6 x 10" 3 cm 2 /i 
0.224 oal/gw °C 
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Figure 4 shews a comparison of laboratory values* and field 
data rtala-tiva to Utb tharnal o^nductivity purollal tn end 
perpendicular to the baddanq plarow of the oil ahivLfc format icn, a* 
a function of t m qp ar atura. The laboratory conductivity Measurements 
5 were nBdo an Adjacent sranpltia of cores fran the obaervatioD well, 
iwing senne cores, cut parallel to and Hone cut paqpeixttcular to tJic 
bedding plana*,, A rri trogcnn&tno&pte£d wz» used to eliminate 
oxidation reaction* Tha sanples were cone trailed in tbd vortical 
direction but ware free tea expand radially 4 /if tear the asnplos were 

10 heated to 800 *C, dve radial expaneion avarag^d l.4T>%, /is shown in 
tha figui:ro, the laboratory value* ant in excel lajrt agreement wll^n 
tto value* ocnpjted from the field data. Tfco ta*t* indicate t>at. 
the therml conductivity ia low in the direction pcrpat*uacular to 
th» bedding piano, because, kerooen layer* have a lower conductivity 

15 than tha dolomite matrix. At tenpexatures below 10 □ "C, tha tharuaJ 
conductivity iii aasantially isotropic, as observed In tho fiold 
tests. But/ that conductivity baconee increasingly anisotropic, a* 
the karogen is reaovwl (at taflperaturaa between 300 and 400 *C) and 
gae begins bo occupy the spaoes batwoan tha layaxa. Above 700 °C, 

20 both tha parallel and perpendicular conductivity dacacaaaa sharply 
due to the ddoonpoeition of the <fclora.be and evolution of OO^. 

When a saibtexzaneaa oil shale fnrmation ia haartad the oil 
ahala expands as the taqperature Increases* When the oil shale 
tui^uratuza reaches a kerogen pyrolyaing tenporature {for eocaxplo, 

25 frcm about 275-325 *C) additional arpaneion forces «xe generated* 
flhe kerogen is coaawertod to fluids, capable of occupying a larger 
volwna than thai karogan, and such *luida bacon© increasingly 
pxeesurized when the tenperatuxc is incr&aeod. As more fluid ia 
fbrrnud and rare fluid ia baa tad, hyrftraiili rally indnoad fraottros 

30 form witJUn tha oil ahala fomrtion. 

Fractures *hich are bydraulioally induced within subtarraaaan 
earth formations farm along planes perpertUcular to tho least of 
tha threw principal coaprmeive sUesses (i<e»/ one vertical and 
two mutually paraarticular horizontal coapxeseiva stresses) tfxich 

35 CAitft within any w ibt ananaan earth fumiati on. However, whsre the 
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hydrauUc fracture* tend to be vortical, horizontal fractures can 
ba forwed by InJ^ting heated fluido co that the wall* of tfce 
vertical fracturca are heated unti2 they swell shut. Thai, by 
hicroasi/g the fluid injection pmiasuiB to greater than ovttrburdwi 
pressure, a horixontai fractare can be footed, such prcccssoa for 
thermally inducing th» fbnwtion of horizontal fractures by 
injecting externally haoted and pressurized fluids ace derated in 
patents «wcb as tJie abevern^ntioned US Patent Ito, 3,234,281; US 
patent No* l,455,m by CP. Hatthawe, !>♦ Varroeora and C.W. Vblek, 
and US patent No* 3,613,78s by P.J. Onsflfian. 

Applicants have now di *u jvvip3 that when substantially 
irrperraablp subeerrafxean oil stale* having the presently spaed fiad 
ccatoination of grade and thickness fcwcw conductively heatuO aw 
presently spasified., a tot* of parufcahility wma iteveloped between 
walla within the oil sbula. Although die present invention is not 
premised on any particular machaiujn, in Hie course of such a 
trcatirent tba heated oil shale bah&vtei as thuu^li it was subjecrtsd 
to the abova-daacarihed type of process for therjnally inttacing the 
formation of hozterxbal fractures. Suck a befaiwioar wee not 
predictable, since tba prwaent process i£ operated without any 
injection of Any fluid. It appoars that when the present process is 
operated within an ispemeable oil shale, the in adtu gararatinn 
and dt^laoement of heated aid highly prescurizod fluids occura at 
the times and to the extents needed to successively extend and 
horizontally f racture through suiXfessive portions of the oil shale, 
whsn those portione becon mnripctively heatod. The zona being 
hciated appears to undergo a relatively unifbra, borwontal, radial 
expansion through the oil shale, act the rate set by the thsnml 
conductivity of the oil shale, m each successive location in ^&ich 
a Xerogen pyrolyzij^g taiqperature is reached, fluids appear to be 
formed/ heated and pressurized ao that Bobetantially any vortical 
fractures which axe fomed within the heatod zone are subsequently 
converted bo borirontal fractures. 

AppUcaote' tests indicated that substantially all of the 
fluid pyrolyslfl products of the oil shale tended to remxin in or 
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rear tte iaartiora in vhich they verre fomwd unti.1 they were 
displa ce d r throngh aiJbetaotially horizontal fractures, into veils 
adjoining tho hs^-iirjeciing well*. In ndAUian, tho fractirre- 
i/^utzing pressure of fluids m the J^orijsctital fractures appears tn 
5 tovu beoi j^dooed as those fluids extended end wre cooled as ttey 
moved away from the hottxMit pcrtionjj of the banted zone, 

Htraa, the preeent prooe&s seen to Indnoe the rovijvj of a zone 
of kBrogeD-pyrolyaliig temperatures through tha oil shale 
ijnra±uctely behind a zone of )xcali2ed rrncturing in which tha 

10 fractured are, or soon become, horizontal fractures, n» heating 
ana fraofiiriag conea seen to undergn a. substantially ururono, 
hoxi*ontai, radial expansion bhrou^i tha oil shale* until the rone 
of fracturing reachoa a location (such as tha borehole of a 
production wall) fran viiich tha oil shale pyrolyaie products art* 

£5 withdraw*. 

In addition, applicants have discovered that, at least wfaarw 
the overburden prassura ia anall, the zona at petueability that ia 
created between adjacent walla retains a significantly high dogxea 
of pcrseabilifcy after the fornwHoTie have cooled. Thus it appears 

20 that/ oven if tha overburden pxe&suxa ij high, an atylicerion of 
tha present process la capable of forming a i^ii-i n tft rrrau weft* 1 ng 
zcoo in which tha permeability reandna high or can be readily 
restored by an injection of fluid after eone or all of tha heat haa 
dissipated* And, the degree) and location of that permeability can 

25 be controlled by controlling tha rati of reaming +\t*aa fro* the 
producing walla. 

the data obtairjed by maattiranentg iu field testa of the type 
described above ware incluaive of: the thermal conductivity of the 
oil shale fancatioiv, the amount of oil recoverable by Fiacher 

JO analy&is at varices depths within heated intervals of the oil shale 
before and afbar huuting, the neaeuronant of the amount of 
pyrnlyeia products recovered, and the like. While no oooinanicetion 
existed between heat irrjocteca and producers at teat start-up, 
irrjccticrai trt the end of the test d wuuatid ted that permeable 

35 channcla had foraed, Qw results of standard engineering 
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aalculat-vona were iixiiiarts.vB of the appHoatiUitv of a concept, f 
tha type cje^crHx-d above to tha result? obtained by tha teat*, 

Pigons 5 is a graph of Fischer Afa^y yields, £tua tha taxqivt 
zenz in th* fiald ivesit, ao a function of Aftpth o. r lte heated 
5 interval cxtonded from 4.2 to 6 nu Tim tanlid curve shows the yields 
hnfore the heating tiw&wint and the datehai curve show?* the yields 
after rerorting was onapiated, yields ba£bm and after were 
essentially tha sxa& outfiido tta heated interval. H» incasuittnsgvtB 
were cteudb oa corea frcxa the centre of tha pattern before beating 
iu ard on cores about la an away after heating. TVih variation* which 
are apparent iu thoaa yielda are vithin the normal limits of 
accuracy for tha rawiyring of such values* 

Within thft bautad interval tho Fischer Assay yield drops froa 
an average of 20 gailona/tnn- before the tast to less than 2 
IS galluna/ton af&er heating. Hm retorting efficiency within the 
process ecna win thus better than Mi of P5*£*er Assay. 

The pattorji and extent of tho recovery onnfirwrn the fact that 
little oil wis lost ow tha ptoducajig liortaaa through vertical 
fractures, in addition, tha uniformity in rotorting o&icienry 
?.0 through tha heated zcce, Indicates that thermal fronts wore 
approxlmtttiy uniiono over aost of tha heated interval* 

The uniibrmity of tha thermal fronts id even more apparent in 
Figures 6 and 7. ntwy show horizontal and vertical temperature 
profiles calculated tor a eet of vertical heatera in a five-spot 
25 square pattotn. Ibe act uasd in the calculations included four heat 
injectors and one contra prodooar (not hut centered between 

the hoators ittowi on -tha fignres) . Each locator was assured to ba 
34 ro lung and heated at the rata of H14 W/nu 

'the profiles la Figure f> (graph* of taaporatur© variations 
30 *ith distances frcm the heatera) ware calculated along a horizontal 
ti(3jtuact 1^1^ xhich extends through the add-pointa of haatera at 
opposite cornaxs of tha *qnane* Figure 7 is a siallar <paph of 
profiles along a vertical segment 1^1^ on the axis of symtry of 
tha pattern. 

"i3 Such calculations indicate that by tha time retorting 
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toaperatures (27S-32.5 °C) art: reached at tha oaure f the pattern, 
norc than 87* of rta volume has boon uunvortud while only about 14* 
of the converted volar* uas, heated to more than 325 *a Furtherrare, 
the calculations irdicata thnt if the power is turned raff or 
redurwd before ths O-Jirttn? reachse a tarqwt teTrpcrAtuLW such as 
325 *C, the levelling off of tbc tbernal fronuo will still halt the 
centre ol the pattern to retorting taaperatuxe* and will also 
rectaoB tha tsavaratare rise at the hoafcara* lfaia mode nt operation 
can ensure that loaa than. 10% of the heated volume is heated to 
more than 325 °C, and thus can irjcxeaee the trennal eifioicavsy of 
the proceaa. 

In view of tha above teat ranuAts and the calculation* baaed 
cm thoaa resolto, it appear* tbart, muUa to the prior teaching* 
and belief* , the initial iar^crentvil-ity of an oil ahale deposit con 
ho utilised aa an advantage. The initial inpermeahilitY ocnfijiss 
the fluids and fracture* within the well pottam, ainca oo 
parureabUity exists until the txxm between the heat-injectiog and 
f luld-paoa rh rrin g *«lla becaoe pftrmfflhefl by a pattern of heat-iodubood 
horizontal fracture** 

In tho px esan t pcoceeSf the rate at which beat is transmitted 
into the oil shale deposit is atronoly affected by the tenporarturo 
gradient between a heat-in jectiog well and the eurrconding earth 
forjtufcioa. In a prefarred procedure, tha detarsdnatioTiB of 
variations rclth dapth in the composition and properties of the oil 
finale depofiit .include a dotcrjninatiOD of the pattern of heat 
conductivity with depth within the earth fcoautlona adjacent ta the 
heat-in j acting vail. Based on such datBtnonatioaa the temperatures 
to Which at least ana haat-inj acting veil is heated are on aiiy ad to 
ba relatively high at the depths at which tha heat ooadoctivities 
of tha adjacent earth Conations arc relatively low* This tends to 
cause the rata at which heat is transmitted tha earth 

tarnations to bo substantially anifoxm along the axis of tha 
h^-in>sccing veil. Known prooadnres can be utilized in order to 
provide higher tanpern tares in portion* of heat injecting veils 
adjacent to aarth forxntione of relatively low heat aondjctivity* 



For example, in veils vfeioh are being heated by electrical 
r©tiBtanc<« r additional resistant elenents can be positioned at 
the location at which extra heating is required, preferably with 
precaution* being taken to avoid the creation of "run-away hot- 
spots" due to increasing teitperature further increasing the 
resistance and thus further increasing the heating, for example t 
aa described in the gomnonly assigned! Ca.nac.lan patent application 
Serial Ho. 495,85* filed tioveaber 21, 1938, by P. VanHeuxs and 
CP. Vao Rgmond. In well* being heated by combustion, raore, or 
larger, or more heavily £irad p burner elements can be positioned 
in such Location*. 

Suitable determinations of compositions and properties 
of the mineral* and/or organic components of an oil ahale deposit 
and the variations with depth in such properties can be wade by 
mean a of Jtnown veil logging, reservoir sampling, and the Xtke 
analytical procedures. The determinations can utilize previously 
measured geophysical or geochemicel data or laboratory or core 
analyses, etc- for exaaple, the variations with depth in the heat 
conductivity of the adjacent fomatione can be determined by 
calculation* based on the kind* and amount* of materials pre sent r 
and/ or by thermal conductivity losing meaauxenentSr etc. 08 
Patent So, 3,G07 r 227 describes a logging tool containing a 
constant, output heat source and three temperature sensors for 
obtaining i lo« oi relative thermal conductivity with depth, US 
Patent Ho. 3,892,12$ describes lodging cased or open boreholes for 
temperature, specific beat and the real conductivity, employing a 
constant output heat source and three temperature seniors, us 



-20a- 63293-2743 
fretant H . 3,884,989 describee a logger for making station 
measurements or thermal conductivity by heating a formation Cor a 
tin* then measuring tbe rate at which the temperature decays back 
to the ambient temperature . UB Patent So. 3,9ol,lB7 describe* 
logging therial conductivity of a caved veil by measuring, the 
temperature of the casing vail before and after passing a heatad 
probe along the vail. 

An indicated above, even with respect to t five-apot 
pattern in vhich a single fluid- producing well Is surrounded by 
four beat-in jecting vails, substantially all o£ tbe Intervening 
oil 
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shale cai hi both retorted a/td modw purraabla. However* cha present 
invention is preferably ccploycd in a surlus of eontigcmB 
or tturtecD-spot patterns — in oxtlwr of wbich pattama 
(particularly in the thii-coerreyoC pattens) the retorting rata is 
5 significantly increased by having earii f luid-prorMeLng well 
surrounctod by six or twelve heat- injecting ml,!?. 

r lhe veils used in the present ptfoesss can ba owpletaa by 
ffubetaotially any mathnd for <Sri33ing a borehole into &r*Vox 
opening d pra-axiatincr borehole into £luid coanimication with the 

10 subterranean oil shaiu lornotion to ba u&ctd aa on oU shgla 

treatment interval. In addition t» liftving the speoifiod absweu of 
tfignificsint amounts of mobile water* Chjc*ness, erA grade, of oil 
KhUet, the interval to which the pn.-^ent process in applied should 
be capable oi oonf ining fluid art least ecbetaatially within the 

15 treatment intervals at least in respect to allowing no significant 
leakage into overly log Vocations When the prossura of tho fluid 
reachsa process pressure, and fractures the foncatiaa within the 
treatment interval. Tt» boreholas at walla ccnpleted for in Che 
present process should bo substantially parallel and separated by 

20 sdbRtantia31y equal distances of at least about 6 ro. BareJiole 

espaxatiun distanoas batsoasn injectors and producers of from about 
9 to 30 ca are particularly suitable, Boreholes free of deviations 
from parallel. Which causa variations oi more than about 20 per cent 
of tho wffll distances ai* particularly suitable. 

23 m the heat- injecting wtts used in the present process* the 

conent or ouaant-lDco iiaberial Which is used to seal along tho faoo 
of the oil shaOa forrration ie preferably relatively heat.»condnctivo 
and flubstantially fl uid-inparmeablJi . Particulaxly preferred cements 
aru stable at tsapsx&tnres of at isa&t about 800 *C, have a 

y j relatively high thftrnnl conductiviticfi f relatively low permeability, 
little or no shrinteige* an adequate ease of pw&efcility and good 
crcwJcaJ resistance, etc, His permeability «n3 disposition of the 
sealing material should provids a ml capable of p/. writing any 
significant aaont of fluid flow bet»»en the interior of the 
1ccre>o1ci and the ^ca of thn oil shale fbnaatim, so that the 
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ru.-an*f«r of heat froa* tte wuil to the forraati.cn is subjrtantially 
wntiraJy by conduction. Mtaxc portions of tha licet-i/i^eeting wall 
borehole or* yffact-iveiy increased in diameter near upper and lower 
cxtrcailtias of tfau treatment, interval, for example, )yy under- 
5 reading, th© diaujters or* the iitcraaaad portion* are preferably at 
least about 110% of Lbe nominal bcraholH dUraeter. Calcium 
aluarinata-bonded concretes and/or ccananta containing aluroine- 
siliuiita aggregateo (or fine part_icJ.es) are particularly suihablo 
for use as such i&matian face- sealing naterrxals, f^anptes of 

10 suitable omenta and ooasretea include, those described in US 
stents such as 3,379,252; 3,507,332 and 3,595,642. 

Figure 8 sfoovs a portion of a hcat-injocting wall lxarfchole, 
borebola i, vtoica is suitable for use in the present invention and 
is located within a tzootnant interval of subterranean. oil shale 

15 deport, ftorehole 1 ocntaina wnlnrgwH purticne, inch aa portime 2 
and 3, which can be forrod by conventional procodorcs such a» 
undorwaaattng daring drilling, etc. h casing A is shown positioned 
within the borehole and cemented into place with a fluidr 
iitr^nneabla, hoat-conductiw material, such aa osrent* 

20 within each enlarged borehole portion r tho casing 4 is 

equipped with at leaat ana bsat-candttctive metal eleraeot, sach as 
collar 6, ooontaixiing radially axtenaivw alananta or poxtiona, such 
as flexible ratal venters 7. Such hcat-sxnductlvo natrrlMfl fern 
relatively highly conductive paths for conducting heat frcro within 

25 the. interior of a borehole to substantially the wail of an enlarged 
portion of the borehole. Examples of suitable heftt-oonduotive ratal 
element* include metal well acratcnera, turbulence Xr tdccer Sr 
central izers and the lite such as a Haiarnar-Lck l ^rrhnhofid ar, or 
Boltlok TUrbcbcodar, available from Bakerliiw division of Baker OU 

JO Tools or a 101 Bar 8 ocotrallstir available fron Antelope Oil Ttol 
aivi Manjifadsuring Ccmpmny, cto. 

With an arengewsnt of the type shown in Kigare 9# at' least to 
aoaaa tiKteot, the 11 mt of beat trartaodtted away from a heat- 
injecting wall con be asoe mra uniform along a vertical Una 

35 traversing a layer of relatively lev haxit conductivity without tha 
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necessity of roaintatning a higher tanrjeroture in the portion of the 
well adjacent to that Layer. Whan a uniiouu tuo^utatura ia 
mintalrffirt within tfta interior of the borehole, the earth formation 
face- cAocvj *uch on enlarged portion of the borehole bcoaoss baotad 
to *uhr.t<*nticUly the sou* tropwrotura as the fbiTBaUon face Along 
narrower portions of the bambola. Sine* tta face of che formation 
adjoining the borehole is haatod to tha M.gheut tenperatare of any 
portion in tha fannaUon, tha ttti^attirc. graiiimt extending 
radially away from the enlarged portion Ol the boxo-bole is shifted 
radially amy .Crcro tha borehyJ** 

Tn general, the heating of tha interior of tha hBat-iri}«ctLng 
well can be accomplished by substantially aoy type of bseting 
device, such as caebuaticn «nd/or electrical type of heating 
elements, or the* like. Tern banting elerant riioald extend 
substantially throughout th* UwjUint interval (preferably 
tiiruuyhout at Itvnt abejt BO per cost of that interval) - Whsre a 
caitoustion typ* fronting element is used* a gas-fired heater la 
prcferrad. Tha fbal and oxidant* tor a cootoetian hsater (such as 
methane and oxygen) arc preferably supplied trou^i separate 
conduita leading through a heat exchanger in which tha tnmmng 
fluids ara baatad by tha outflowing costastioa products. Too burner 
liouaing and fluid conduits of a cosbuetion tatter are preferably 
installed within a wall conduit vfclch is aurroindad by an annular 
anooc that ia filled by the cement for sealing tiae face of tha oil 
shala. Generally suitable type* of oennustien heaters which cculd 
be arranged for use in tha present proaeaa are rtnarrihpri in as 
Patents such am 7,070,802) 2,780,450 and 2,902,270. 

An electrical retristaaoe boatcc is particularly suitable for 
heating tha ijxtarior of « heat-injecting well in tba present 
process, A plurality of rcsifftano* eluaants are profarably ooad. 
TXm rnaiatanca aJanente can be BDunted within or external to an 
internal conduit or cod/ or Jiaply extended into the borehole, tfhan 
the reaiatancee ore external to, or are free of a supporting 
Blatant, such as a ooaiiit or rod r they ut preferably embedded in 
the ccnent wliiab seals tJie faca of tha oil «hal* along tha 



ticattftiit; interval* GaneraUy suitable typcfi of eli^Arical heatere 
which could bs arranged fcr na* $n the present process are 
described in US? Patoito 3UCfc 2,472,445* Z^B4 r 06.1; 2,670,803; 
2,732,195 avi 2,954,826. 
5 In various reservoir situations, portions of on <rLL strain 

deposit which would, in general, be suitable far uu* ax a treatraaot 
interval, as asittddbud in nui- parent applic&taoo, cnay bo p&rn&titBd 
by natural J&racturas ami/or piar«» of weakness. Such relatively 
weak mc*3 may xsidergo relatively long oxtanaionB of vertical 

IG fracturwa- wbisn prawurized fluids telng diapLaoaJ astay frua an 

injection, wall attnt into ttnav. This nay result in extending fluid 
pa^wagBWRys J>eyand tJw openings into production well* wxVor Into 
adjacent aquifers oapab.le of ceasing an Inflow of Kotar to so 
axtant oHtriitontal to tfhe oil recovery success, 

J s W?. havo nw* diuuoveoed that each panraature fracture extensions 

can be avoided by drilling and beating "guard walla* vithin such 
relatively weak oil sJialo zones in location* surxooedin^ a pattern 
of Jteat injecting and fluid producing *»Hs and/or in locations 
iiYtcmdttcnt b a Lwaa o a heat in j acting or fluid producing wedi and 

20 on adjacent aquifiar. Such guard walla ax* uaed for oanductively 
heating Che adjoining fcaaations a ubaLniLl ally throughout tha oil 
(Oiala interval bo be treated to a bcacperature which id too lew to 
gasify significant proportion* of the oil stale organic cccponents 
but is nigh, enough to cauett a significant thermal expansion of tha 

23 nocke. Mum thoae rocks are heated the natural fractures ore kept 
closed and the fracturing couaad by the appir*ching pressurized 
fluids (displaced away from Iwfc-injeoting walls) tends to be 
limited to horizontal fracturea conaantrated along tha aidea iTeareafc 
to tha heatMn^ectlng wells. «bero fluid producing roll* are 

30 lecatod substantially between the heat- injecting well* and the 

guar<t veils, the fractures arc prftfarantially extaeoad into tfanaa 
wells, where the high fluid pro&suvee axe quickly racajcad by the 
production of the Inflowing fluid. 

The ervountexing of such relatively weak reservoir rocks is 

33 apt to be indicated by an inflow of vatar into vel la dril led .into 
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such xocJuu B3 qmaral, tha natural fracture* (.mating o relative 

and/or vatar inflow can be thermally cloGod by a 
mlativwJy mild hasting, aa lcog an tho fracture porosity is bot 
sere than alxxit 5 pur cant* 
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CLAIMS 

I. In a prooees in which oil is produced fma a 3tf>terTanc*an oil 
Ahal* deposit by extending at iuast ana each of baat-iujaeting and 
f hiid-prnfcjcing into the deposit, fefifflhl ishifig a heart- 

conductive fluioyijapernBable barrier bacwar?n tha interior of each 
heat-injecting wall and the adjacent deposit, and then haatang ch*> 
interior of each heat-inj ccting well at a texparatxzra sufficient to 
uonductiualy h«at oil shale fcerogen and cause pyrolysiA p-rcducta to 
form £ractur*a within the oil shale deposit through which tfao 
pymlysia products aro displaced into at least ma production well, 
an iuipiuvwrjent for enhancing- tha uoifonaity of the last fronts 
roovin? through the oil shale deposit, vkich emprises i 

dsftezmiixing variations uritJi depeh i» the cowpoflitjon and 
properties of tha oil shale dgpoa.it; 
conpieting said beat-injecting and flutd-prcrturring "wall* 
selectively into a troatmont interval of oil ehals in which 
the oil shale deposit (a) is at least about 30 m thick, (b) is 
sabetantiallv inpenaaabla and free of nobiXe uater, (c) has a 
ocovo&ltloa and tiilckfttoe such that the product of the avetago 
Fischer Away grade tines the thickness of the treadoent 
interval is at least abart. 900, and (d) tbsreJ^r contains 
ocopcBients capable of irrtflracting in a tanner enhancing tha 
uniformity of a front of oondnotivoly transmitted fto&t, with 
said walla bain? arranged so that, at least B^stantiaily 
chrnu^hgwt eaid treatment interval, the well boreholes are 
substantially *>&rallel and are asperated by substantially 
equaX distances of at least about 6 a; and 
withia the interior of aach hspt^injectiiig vail maintaining an 
ovferng* tesperatutv which, selectively along Raid treatment 
interval, is at least about 600 *C, hot is not high enough to 
thecmlly darage fxyrlpacnt within the well, whila beat is 
being transmitted away frca the veil at a rate not, sigil- 



f leant iy faster than that parndttjad by the thaxnai nan- 
Activities of the earth Jjainnrtiuna ud>wMnt to the heated 
interval within the well. 

2 . The procees of claim 3 in which, to the extent neguirpd to 
keep tj*» roty at ^dcti heat is transnritted thrcogti the oil shale 
deposit gjfefltantlfllly uniioca along tb^ axes of the hooted interval 
of the heat*-litf6Ctlftg veil, tbc tuporatura at which at 

least one heet-injecting well is heated is relatively alghar at 
dopthn adjacant to portion* of the oil stole deposit in which the 
beet conductivities are relatively lower, 

3. The pro cess of claim 1 in which the rote of touting the 
int e r ior of at least one heat* injecting well la varied to an extent 
causing an effective levelling off of toe thermal front: so that Uhs 
rate of advance throjgti the oil shala of the thaxnai front in 
ocatiEUQd at substantially the sum rate while the rate of increase 
at the te^ereture witWn the borehole* is si^pificantly roused, 

4. The prooese a£ cleijo 1 in which the heet-jjijecting and 
fluidrtfroducing \cells are arranged in a series of contiguous 
patterns in which each flui6>-producrfng veil is auttcunded by at 
leeat four beat-injecting wells. 

3* The prccaee of daw 4 in whirh each ftuidrpireojicing wll is 
sorreurtdod by toalw Iwnfc-irj jesting well** 
6* The process of clain I in i&icb the oil fchalc grade is at 
least about 20 gallon* per ton and the grade-thickness product is 
At ieeet about 4500, 

7. the process of claim l r cat&ri&iag the etepe of 

in each heat-onjectin? wel i r exteitantiaUy tfcraanboot the 
treatcflent interval, sealing the faco of the oil shale foontiooa 
with a solid xatbmrial which ia relatively heat^aoa&ictive and 
substantially fluid urperTftfthlej 

in at least one heajtrinjecttng veil increasing the effective 
di-jOTftter of the borehole irx at leeat one portion of the treatment 
interval and at least aam heatraODdoctive vertal oleaent 

pyr^ vittiin the "t^A^w of the borehole to the face of the 
so^onlanged portlcD of the borehole? and 

in each Iluia-pjraduolng well/ substantially throughout the 
tztatDBtt interval, establishing fluid comejnicatkn between the 
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well bore and the oil shale farrnatioa and arranging the wel 1 tor 
prediicdnq f.luid from the oil shale foocacion. 

8. Vhm process of clai» 7 in ^hich tfcs irateriai saaling tint faca 
of the* oil shale formation along the borahole o£ a hstft-injtfctlug 
well L3 a ceront flrrangafl to fill substantially all of -the space 
bctwren the outornost atttallicr elttasntft viithiu tho interior of the 
borehole and tha face of the otl shale formation/ vdth sa:W oeront 
having a thiu:i*al conduct ivity at 3e»et psviafttontially as bagta as 
that of tto oil shale fcamation. 

9. The process of claim 1 in utoch at least or» well located nt»r 
ap edga of a pattewi oi beat-injecting ana fluidr^roducing valla is 
extended substantially tijroughout tfas trsstzspit interval and hauted 
at a tcarpcratura high trough to ctxusb a thsnnnl wxpanSLng ajid/or 
compressive stressing of tho- adjaoant aarth formations bat leer 
enough to avoid significant thsrml wcbili ration of organic 
occrponHnts of the oil shals. 

10 . the process of cl&in 9 in which at least oca so heated veil la 
subsequently heated at about the tasjorature selected for ti% 
heating of the lieat-injecfciog wells being eiployed* 

11* Th* process of clam 1 in tfhich the well branhnlse of said 
haat-injeytioa and £lnid producing Mils ana asperated by 
substantially equal distances of about 9 to 30 m- 
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ABSTRACT 



C0MDUCTIVH1S HBAOTB h 3mHBfiBN6MI OXT, {SOLE TO 



shale oil is subsequently producod fro* a stibborranosn 
interval of oil shato, wtore die iittarval is initially 
substantially Jupaxneetol* and contain* a apadfied gcada and. 
thickness of oil ah»la» Said interval is condoct twaty haatsd from 
bsreholw ijybftriora which are kapt hotter than about «00 *C and ar* 
hcatod at a rate such that fcerogsn pyrolysia product* formed within 
the col shaio craata and £lorf through horizontal fractura* which 
subaaguatitly beoooo cat ao d ed Into xlulaVprodJOlng wills that axe 
positioned la epadfiad Location*, 



